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ABSTRACT
Traditionally, the effects of interstellar extinction on binary star light curves have been treated as
a uniform reduction in the observed brightness of the system that is independent of orbital phase.
However, unless the orbital plane of the system coincides with the plane of the sky, or if the two stars
are completely identical and present with minimal mutual irradiation and tidal/rotational distortions,
then this is unlikely to be an accurate representation of the effect of interstellar extinction. Here,
we present an updated treatment of interstellar extinction as incorporated in the PHOEBE 2.2 re-
lease (publicly available from http://phoebe-project.org) and assess the importance of using such an
approach in the modeling of different types of binary systems. We also present the incorporation of
PHOENIX model atmospheres into the PHOEBE 2.2 release, providing increased fidelity on computed
observables down to lower temperatures than previously available. The importance of these new code
developments is then highlighted via an extincted toy model of the eclipsing white-dwarf-subdwarf bi-
nary SDSS J235524.29+044855.7 – demonstrating that, in the age of LSST as well as complementary
space-based photometric missions, a proper accounting for extinction and as well as the use of realistic
model atmospheres will be essential in deriving accurate binary parameters.
1. INTRODUCTION
Interstellar extinction can have a dramatic effect on
the observed flux from an astrophysical source (Draine
2003), however the studies of binary stars have tradi-
tionally applied a rather simplistic approach which, in
many cases, will be unable to accurately reproduce ob-
servations. The standard approach has been to apply
a uniform subtraction to modeled fluxes from a binary
star system, irrespective of phase, based on some mea-
sure of its extinction (usually based on the object’s co-
ordinates). This treatment has been shown to be inade-
quate, particularly in eclipsing binary stars with large
temperature differences between the two components
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(Prsˇa & Zwitter 2005). A recent example of an im-
proved methodology was used by Maxted & Hutcheon
(2018), where light curve modeling was used to derive
the surface brightness ratio between the two stellar com-
ponents with this then being combined with multi-band
photometry and used to estimate the effective tempera-
tures via empirical color-effective temperature and color-
surface brightness relations. This is certainly an im-
provement on the “linear” approach mentioned earlier,
but it does rely on fitting priors placed on, for example,
limb-darkening – which may mean that the final mod-
eled parameters may not be entirely consistent with the
temperature derived later in the analysis.
Here we present a revised treatment of extinction as
incorporated into the 2.2 release of the PHOEBE code,
which allows the model parameters (e.g. limb-darkening)
to be set in accordance with atmospheric models (i.e. al-
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lowing the limb-darkening to be set automatically based
on the local effective temperature and surface gravity,
via interpolated stellar atmosphere models; as described
in Prsˇa et al. 2016) while also accounting for the im-
pact of extinction on the derived light curve. Further-
more, we create a selection of toy models to demonstrate
the possible impact of extinction on both current and
planned survey observations.
2. IMPLEMENTATION OF EXTINCTION IN
PHOEBE
The traditional technique to account for interstellar
extinction in the modeling of binary star systems is to
subtract a constant extinction at all phases, with that
value being derived from some estimate of the field ex-
tinction (based on the objects coordinates and the pre-
ferred extinction map) and the effective wavelength of
the filter employed for the observations. However, the
intrinsic spectrum of the observed star system is highly
unlikely to be “flat” across the wavelength range of
the filter, particularly if the filter belongs to a stan-
dard broadband system (for example, those employed
by the Sloan Digital Sky Survey; Smith et al. 2002).
This non-uniformity introduces a shift in the effective
wavelength of the filter based on the shape of the spec-
trum and, therefore, temperature of the observed star
system. Given that the composite spectrum (i.e. includ-
ing the contributions of both components) of a stellar
system can vary significantly with phase (particularly if
there is a large temperature differential between the two
stars), then the shift in effective wavelength of the filter
can also vary with phase. When one also accounts for
the fact that the chosen extinction law can also vary sig-
nificantly over the filter passband, introducing a further
shift in the apparent effective wavelength of the filter
in calculating a single extinction value, it is clear that
subtracting a constant extinction at all phases is not an
adequate solution.
The only way to accurately account for extinction
when modeling a binary star system is to derive the ex-
tinction value at each observed phase based on the com-
bination of spectral profile, filter transmission function
and reddening law. PHOEBE derives the local emergent
passband intensity for each exposed surface element by
multiplying the spectral energy distribution (SED) of
that element (based on its effective temperature and ei-
ther a model atmosphere or blackbody, depending on
the user’s preference) and the passband transmission
function, and finally integrating over wavelength. This
is a computationally expensive process and so, in or-
der to minimize computation time, integrated intensities
for a large grid of parameters (Teff for blackbodies, and
Teff , log g and [M/H] for model atmospheres) are pre-
calculated for a given passband and stored in a look-up
table for interpolation at the time of running a binary
simulation.
Extinction has been introduced in the 2.2 release of
PHOEBE following a similar scheme – extincted fluxes
are precalculated by multiplying the SED by the filter
passband and by the extinction law (currently Cardelli
et al. 1989 for the IR and Optical, and Gordon et al.
2009 for the UV), and then stored for interpolation at
run time. This is essentially following the methodology
employed in PHOEBE since the version 2.0 release for
the derivation of passband intensities Prsˇa et al. (out-
lined in detail in section 5.2.1 of 2016). The only dif-
ference being that the effect of extinction is stored as a
multiplicative factor derived as the ratio of integrated
passband intensity with and without the application of
an extinction law.
In order to account for a wide variety of systems, the
extincted fluxes (or rather the multiplicative factor by
which passband intensities are altered due to effects of
extinction) are derived for the same stellar parameters
as for passband intensities (for both blackbodies and
model atmospheres) and for a wide range of the visual
extinction (0 ≤ Av ≤ 10) and extinction factor (2 ≤
Rv ≤ 6, where Rv = Av/EB−V and EB−V is the B−V
color excess). The user can choose to set value for any
two of the three relevant parameters (Rv, Av, EB−V )
in addition to all other parameters of the systems. If
extinction is non-zero, the model passband intensities
will be interpolated (again following the scheme outlined
in Prsˇa et al. 2016, for the interpolation of passband
intensities and limb-darkening, but this time including
the additional dimensions defining the extinction, Av
and Rv) from this extended pre-computed grid.
This paper is accompanied by the 2.2 version re-
lease of PHOEBE (which is available at http://
phoebe-project.org and on GitHub at https://github.
com/phoebe-project) as well as extinction grids for all
currently supported passbands and atmospheres. In ad-
dition to support for extinction, the 2.2 release brings
Phoenix model atmospheres (Husser et al. 2013), numer-
ous improvements and optimizations, as well as added
support for both Python 2 and 3. As support for more
passbands and atmospheres are added in the future,
we will pre-compute and release the required grids to
account for extinction.
3. QUANTIFYING THE IMPACT OF EXTINCTION
3.1. An extreme case
In order to highlight the importance of a proper treat-
ment of extinction when simulating binary star light
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curves, we constructed an array of binary models us-
ing PHOEBE 2.2 both with and without any extinction
in order to evaluate the difference in eclipse magnitude.
Let us begin with a rather extreme case, a synthetic
binary comprised of a hot, B-type main sequence star
(M = 6.5M, Teff = 17000 K and R = 4.2R) and
a cool K-type giant (M = 1.8M, Teff = 4000 K and
R = 39.5R) in a 1000 day orbit – a system where,
while the temperature difference is large, the luminosi-
ties are similar. The synthetic Johnson B and Cousins
R light curves for this system - as sampled at 101 evenly
spaced intervals between phase -0.02 and 0.02, with the
default of 1500 surface triangles for each component (re-
sulting in an execution time per-passband of a few sec-
onds on a single core of a macbook pro) – both with
and without accounting for extinction (EB−V = 1.0
and Rv = 3.1), along with the residuals between the
two curves, are shown in Figures 1. Clearly, in such a
B v-K iii system, the difference in eclipse depth during
primary eclipse (when the K iii star passes in front of
the B v) due to the effect of extinction is appreciable.
In the B-band, the discrepancy reaches more than 0.2
magnitudes – detectable with even modest observational
precision – while in the R-band the discrepancy is less
easily detectable at only ∼4 millimag. In this physically
feasible but rather improbable case, limb-darkening was
included in the calculation of the light curve in order
to later allow direct comparison of the results with syn-
thetic spectra.
In such a comparison, synthetic spectra of the indi-
vidual binary components can be used to recreate the
spectrum of the system both in and out of eclipse (with
and without the effect of extinction) which, combined
with the filter transmission profile, can be used to cal-
culate the magnitude of the simulated eclipse. For both
the model PHOEBE light curves and the synthetic com-
parison spectra, model atmospheres from Castelli & Ku-
rucz (2003) were used for both components. For the
unextincted system, the eclipse depths derived using
PHOEBE match those derived from the synthetic spec-
tra to ∼0.1 millimag, confirming that the interpolated
limb-darkening function gives results consistent with the
disk-integrated synthetic spectra.
The extincted eclipse fluxes derived using PHOEBE
are within a few millimag of those obtained directly
from disk-integrated synthetic spectra – the additional
discrepancy arises here from the way that PHOEBE
handles the combination of limb-darkening and extinc-
tion. In PHOEBE, each element of the mesh that rep-
resents the stellar surface is assigned a flux based on the
normal emergent intensity expected from its local ther-
modynamical and hydrodynamical properties (effective
temperature, surface gravity, chemical abundances, etc.
Prsˇa et al. 2016) with this flux later being adjusted in
accordance to a given limb-darkening law – in the case
presented, an interpolation of the comparison of the nor-
mal emergent intensity (µ = cos θ = 1, where θ is the
angle between the stellar surface normal and the ob-
server) and the specific intensity at a variety of posi-
tions along the stellar limb (0 > µ > 1). This interpo-
lated limb-darkening means the results are comparable
to disk-integrated synthetic spectra (Gray & Corbally
1994), which are the result of integrating the specific in-
tensities across the stellar surface (i.e. with respect to
µ).
In the case of an extincted system, however, PHOEBE
applies an extinction factor calculated from the user-
provided extinction parameters (AV and Rv) to each
surface element based on those tabulated for normal
emergent intensities (µ = 1) which are then applied
along with the limb-darkening factors. Collectively, this
means that towards the stellar limb (µ→ 0), the applied
extinction factors begin to deviate from the values that
would be determined from a synthetic spectrum of that
point on the stellar surface (as the shape of the spec-
trum varies slightly as a function of µ). The effect of
this deviation, however, is clearly very small (less than
1%) and certainly smaller than the uncertainty on any
measured extinction (AV ) used as an input to the model
as well as on the generalised extinction law employed
(Cardelli et al. 1989; Gordon et al. 2009). As such, we
conclude that the current application of extinction in-
troduced here in the 2.2 release of PHOEBE is valid and
consistent with expected results.
Given the marked difference between the B- and R-
bands, one may also wish to consider the impact in a
much broader passband – that of the Kepler satellite
being a good example (covering more or less the same
wavelength range as the Johnson B-,V- and R-bands).
The same B v-K iii eclipse as would be observed using
with the Kepler passband is shown in figure 2. Intrigu-
ingly, in spite of the much broader wavelength coverage,
the difference between extincted and unextincted light
curves is still a few tenths of a magnitude – easily de-
tectable at normal photometric precision of Kepler.
3.2. “Normal” binary systems
Returning to the importance of accounting for ex-
tinction in the modeling of binary light curves: while
the previously highlighted B v-K iii case is a rather ex-
treme one it does demonstrate that extinction can have
an appreciable effect on the observed light curve of an
eclipsing binary. Of course, not all systems will present
such extreme discrepancies, so let us consider some more
4 Jones et al.
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Figure 1. Light curve of a synthetic B v-K iii binary with (solid line) and without (dashed line) extinction correction for
EB−V = 1.0 and Rv = 3.1 along with residuals between the two cases. Note that out of eclipse magnitudes have been
normalised to unity in order to allow a direct comparison of the effect of extinction on the eclipse depth and profile
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Figure 2. Light curve of synthetic B v-K iii binary with
(solid line) and without (dashed line) extinction correction
for EB−V = 1.0 and Rv = 3.1 along with residuals between
the two cases.
“normal” binary systems comprising a solar-type star
(G2V, Teff = 5780 K, Mass= 1M, Radius= 1R) and a
main sequence companion (with parameters taken from
the zero age main sequence of Bertelli et al. 2008, 2009)
in an eclipsing (i = 90◦) 10 day orbit. All other second-
order effects were disabled in the evaluation of the light
curves (limb-darkening, gravity-brightening, irradiation
effects and tidal distortions), such that the effect of ex-
tinction could be isolated. The measured differences in
the eclipse depth for zero extinction and an EB−V = 1.0
(Rv = 3.1) of the solar-type star and its companion in
both Johnson B and Cousins R filters are shown in figure
3 (left).
As expected, the impact of extinction is more evident
in the B-band than R-band as a result of the strong
wavelength dependence of the employed extinction law
(Cardelli et al. 1989; Gordon et al. 2009). However, the
synthetic light curves also show that, for main sequence
binaries, the effect does not scale with the temperature
difference between the two components. This may seem
counter-intuitive, but is actually a reflection of the dif-
ference in luminosity and radius with effective temper-
ature along the main sequence. For example, consider
a much hotter companion of roughly three times the
temperature of the G2V star (corresponding to an early
B-type main sequence star of roughly 5 M on the zero
age main sequence of Bertelli et al. 2009). While the
temperature difference does result in different extinction
corrections for the two components, this is almost com-
pletely negated by the combination of increased radius
(nearly 3 R, meaning that even when eclipsed, much
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of the early B-type companion is visible) and luminosity
(roughly 500 L) which act to ensure that the compan-
ion dominates the observed flux at all phases.
To isolate the dependence on effective temperature, a
series of binary models were constructed with the same
components as before but this time fixing the mass and
radii of both stars to be solar (i.e. only varying the ef-
fective temperature of the companion). The majority
of these systems are clearly non-physical, but serve to
highlight the dependence on effective temperature differ-
ence with the results plotted in figure 3 (right). Overall,
the curves show that the effect scales non-linearly with
temperature difference, increasing rapidly in magnitude
for similar temperatures but beginning to plateau for
large temperature differences. This is an effect of the
variation in the shape of the stars’ SEDs in the B- and
R-bands as a function of temperature – once the tem-
perature of the secondary becomes large, the shape of
its SED in these optical bands begins to stabilize, with
the largest variations seen around the peak of the SED
(now deep in the ultraviolet). This effect is also shown
by the “peaks” in the impact of extinction found at rel-
atively small temperature differences – these reflect the
fact that around these points, the peak of the compan-
ion’s SED is within the filter passband (most obvious in
the B-band given that the primary’s SED also peaks in
this band).
While, as mentioned previously, the models with non-
varying secondary mass and radius are clearly non-
physical, when combined with the previous (more phys-
ically sound) models, they do serve to reinforce that
the effect of extinction can be appreciable. In extreme
cases, like the hot main sequence – cool giant system
presented here or pre-cataclysmic variables which com-
prise relatively large subdwarfs with low mass main se-
quence companions, the discrepancy between extincted
and unextincted eclipse depths can reach a few tenths
of a magnitude or more (detectable with even modest
instrumentation). For more normal, main sequence bi-
naries, the effect is smaller being of order 1–10 millimag-
nitudes for an EB−V = 1. These cases are slightly more
challenging to detect, but still well within the capabili-
ties of modern facilities (e.g. GAIA; van Leeuwen et al.
2017).
Additionally, the models presented highlight that the
effect of extinction is highly non-linear and, as such, ex-
tremely difficult to account for after the fact and, there-
fore, should ideally be incorporated into the modeling
effort from the beginning.
3.3. Large Synoptic Survey Telescope / Vera C. Rubin
Observatory
It should already be clear that the effect of extinc-
tion will be appreciable in very high-precision space-
based photometry (see e.g., the final paragraph of Sec-
tion 3.1). However, in most cases (e.g. Kepler, TESS;
Borucki et al. 2010; Ricker et al. 2014) these observations
are delivered only in a single passband, often meaning
that – while extinction must be accounted for if one is
to derive precise binary parameters (see e.g.; Armstrong
et al. 2014; Maxted & Hutcheon 2018) – a model can
still be fit to the data even without accounting for ex-
tinction (although the model parameters, particularly
temperatures, will almost certainly not be accurately
derived due to the impact of extinction). Multi-band
surveys, even from the ground, are perhaps more likely
to show discrepancies which make modeling impossible
without accounting for extinction (as fits to individual
bands, ignoring extinction, will almost certainly require
different model temperatures).
The Large Synoptic Survey Telescope (LSST) or Vera
C. Rubin Observatory is an in-construction facility
which aims to survey the entire sky in six photometric
bands with a three-day cadence. The expected preci-
sion for the g,r and i bands is expected to be roughly
5 millimag, and approximately 7.5 millimag in the u, z
and y bands (Ivezic´ et al. 2019). Given the shape of the
extinction law, the observed extinction effect in the i, z
and y bands is likely to be minimal in all but the most
extreme cases. However, in the u, g and r bands even
some main sequence binaries, such as those presented in
Section 3.2, could be impacted by extinction. To high-
light this, we construct a selection of “normal” realistic
synthetic binaries based on the orbital periods, masses,
radii and effective temperatures of the systems found in
John Southworth’s catalogue of detached eclipsing bina-
ries DEBCat (Southworth 2015)1. We then compare the
synthetic light curves for this system in the LSST bands
for zero extinction and for an extinction consistent with
the Galactic bulge (AV = 2, Rv=2.5; Sumi 2004; Nataf
et al. 2013).
As one might predict based on the curves presented
in Figure 3, the majority of systems show discrepancies
due to extinction on the order of 1 millimag – below the
LSST detection limit. However, some systems would
present detectable differences due to extinction. For ex-
ample, the main sequence binary ZZ UMa, which com-
prises an F8 primary and G6 secondary (Lacy & Sabby
1999), would present with a borderline detectable dis-
crepancy in the g-band where the primary eclipse would
1 Due to the inhomogeneous nature of the data in the catalogue,
we ignore metallicity and assume zero eccentricity and inclinations
of 90◦.
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Figure 3. The difference in eclipse magnitude (both primary and secondary) when an extinction of EB−V = 1.0 is accounted
for or not as a function of temperature difference between the two binary components. The blue curves show the results for a
Bessell B filter, while the red curves show the results for a Bessell R filter. The synthetic binaries used to calculate the curves on
the left plot comprised a Sun-like star (always considered to be the primary) and a zero age main sequence companion (Bertelli
et al. 2008, 2009), while those on the right comprised a Sun-like star (again always considered the primary) and an identical
(though not entirely physical) companion where only the effective temperature was changed.
be observed to be ∼7 millimag shallower and the sec-
ondary eclipse ∼6 millimag deeper. A more pronounced
effect would be found in the sub-giant-main-sequence bi-
nary AI Phe (Kirkby-Kent et al. 2016), where the g-band
secondary eclipse would be observed to be ∼19 millimag
shallower (a more than 3σ difference) and the primary
eclipse ∼6 millimag deeper.
In all cases, the discrepancies in u-, r-, i-, y- and z-
band eclipse depths were found to be lower than the
LSST detection limits. This is not unexpected for the
redder filters (r-, i-, y- and z-bands), where extinction is
minimal, but is perhaps surprising in the u-band. How-
ever, this is a consequence of both the poorer precision
expected in this band (7.5 millimag) and the fact that
DEBCat does not contain any binaries with early-type
primaries and late-type companions (i.e. the systems
where the greatest change in the u-band SED would be
observed during an eclipse).
As such, it is perhaps more interesting to consider
some more systems where the components are in differ-
ent evolutionary phases – for example, a white-dwarf-
main-sequence (WDMS) system. As highlighted by Gi-
anninas et al. (2013), LSST could expect to find of or-
der 100 000 white dwarfs with stellar mass companions
– meaning that such systems are far from extraordi-
nary. Furthermore, many WDMS systems will be post-
common-envelope systems (perhaps still even being sur-
rounded by the remnant common envelope in the form of
a planetary nebula; Jones & Boffin 2017; Boffin & Jones
2019) which may lead to increased local extinction as a
result of dust formation in the ejected envelope (Lu¨ et al.
2013). As such, they are rather appropriate systems to
constrain the importance of extinction in deriving their
stellar parameters.
An important caveat that must be noted is that many
of these WDMS systems could also exhibit significant
levels of irradiation – a problematic effect when it comes
to the treatment of extinction as irradiation alters the
emergent stellar spectrum, while here we only consider
non-irradiated atmosphere models (see the discussion of
Horvat et al. 2019, for more details)2.
As a starting point, let us take one of the best con-
strained eclipsing binaries known – SDSS J235524.29+044855.7
(hereinafter referred to as SDSS J2355; Rebassa-
Mansergas et al. 2019). SDSS J2355 is a short-period
post-CE binary comprising a relatively cool white dwarf
(Teff ∼ 13, 250 K) and a low-mass, metal-poor, sub-
dwarf star (spectral type ∼sdK7). As before, calculating
synthetic light curves for the system with no extinction
and then with extinction consistent with the Galactic
bulge, we now see significant deviations between the two
models in u, g and r bands (See figure 4). The u-band
shows the strongest difference at more than 0.25 mag-
nitudes during primary eclipse, closely followed by the
g-band (at 0.13 magnitudes) and the r-band (at 0.02
magnitudes, approximately 4σ). Even in the i-band,
the deviation is almost 0.01 magnitudes – representing
a more than 1σ difference. The deviation during sec-
ondary eclipse would not be detected in any band given
that the eclipse is not complete and the primary is far
more luminous.
2 As the discussion here is considered only illustrative, we fix
the bolometric albedos and bolometric limb-darkening coefficients
of both components to standard values.
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Figure 4. Synthetic LSST light curves of the white-dwarf-subdwarf binary SDSS J2355 (Rebassa-Mansergas et al. 2019),
calculated without (dashed line) and with extinction (solid line) corresponding approximately to the average extinction of the
Galactic bulge. The residuals between extincted and unextincted cases are shown below each light curve, highlighting that the
difference would be detectable at several σ by LSST in u, g and r-bands, and marginally detected in the i-band (in each residual
plot, the shaded region represents ±1σ).
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4. PHOENIX ATMOSPHERES
To increase the fidelity of computed observables on
the low-temperature end, PHOEBE 2.2 now incorpo-
rates PHOENIX model atmospheres (Hauschildt et al.
1997) as computed by Husser et al. (2013). PHOENIX
is one of the leading alternatives to Castelli & Ku-
rucz that incorporates 3D NLTE model atmospheres,
and has already been employed for binary light curve
synthesis by, for example, Orosz & Hauschildt (2000).
The models themselves span wavelengths between 500A˚
and 5.5µm, effective temperatures between 2300 K and
12,000 K, surface gravities (log g) between 0.0 and 6.0,
and metallicities ([Fe/H]) between -4.0 and 1.0.
Two challenges presented themselves for the incorpo-
ration of PHOENIX model atmospheres. First, the com-
putational scheme for PHOENIX 3D model atmospheres
defines emergent direction µ with respect to the compu-
tational grid rather than the stellar mesh, so emergent
specific intensity I(µ) tends to 0 before µ → 0. This is
done because the size of the star depends on the wave-
length and the computational grid is chosen to accom-
modate the largest radii. However, this poses a problem
because PHOEBE treats stellar surfaces as opaque, and
µ at the limb is defined as 0. Thus, PHOENIX values of
µ had to be rescaled to PHOEBE values of µ in a way
that would “shrink” the computational grid to the ra-
dius of the star. To achieve this, we calculate a tangent
in the inflection point of I(µ) and set µ ≡ 0 at the inter-
section of that tangent with the I = 0 axis (cf. Fig. 5).
That workaround imposes I(µ = 0) = 0 that PHOEBE
requires for its operation. Any truncated contribution
to intensity leftwards of the intersection point is below
a small fraction of a percent.
Second, model atmospheres for some combinations of
atmospheric parameters (Teff , log g and metallicity) in
the Husser et al. table were not available at the time of
this writing. To overcome that, we compute the look-
up tables (as discussed in Section 2) and then impute
the missing values by triangulating the available data
using a convex hull and performing linear barycentric
interpolation to estimate the missing values.
PHOENIX atmospheres are now fully available for
the computation of observables in PHOEBE. Much like
Castelli & Kurucz, we make the computations available
in both energy-weighted and photon-weighted regime
(see Prsˇa et al. (2016) for details), and we incorporate
full support for extinction following the scheme previ-
ously outlined. To use PHOENIX model atmospheres
instead of Castelli & Kurucz, atm=phoenix should be
passed to PHOEBE instead of atm=ck2004.
5. SUMMARY
We have presented the implementation of interstellar
extinction as incorporated into the PHOEBE 2.2 release.
Through the construction of synthetic binary systems,
and comparison with calculations based on integrated
model atmospheres, we have demonstrated that the cur-
rent implementation is self-consistent to better than 1%.
We then go on to highlight some cases in which account-
ing for interstellar extinction could be critical in deriv-
ing accurate stellar parameters (effective temperatures,
in particular). Considering moderate extinctions consis-
tent with the average extinction of the Galactic bulge,
we show that for most main sequence binaries the differ-
ence between extincted and unextincted light curves is
relatively small and likely only detectable from space
(or borderline detected in a single-band with LSST).
However, when the two components of the binary are
in different evolutionary phases, the difference between
extincted and unextincted curves can be appreciable.
For example, the subgiant-main-sequence binary AI Phe
would show detectable differences between extincted and
unextincted cases (at approximately 3σ in the LSST g-
band). For more extreme evolutionary phase differences,
like WDMS binaries – some 100 000 of which are ex-
pected to be observed by LSST, the effect of extinction
should be appreciable at even greater levels in multiple
bands (principally u, g and r-band), emphasising the
importance of a proper accounting of extinction in the
analysis and modeling of such ground-based survey data
as well as space-based photometry.
We similarly present the incorporation, in PHOEBE
2.2, of a grid of model atmospheres based on the
PHOENIX models (Hauschildt et al. 1997). These
atmospheres represent one of the leading alternatives
to the Castelli & Kurucz (2003) atmospheres already
available, in particular extending the range of usable ef-
fective temperatures downwards to 2300 K (c.f. 3500 K
from Castelli & Kurucz). The combined importance
of this extended temperature range over which model
atmospheres can be used, as well as the treatment of
extinction already outlined, is highlighted using an ex-
tincted toy model of one of the best constrained eclips-
ing binaries known, the white-dwarf-subdwarf binary
SDSS J235524.29+044855.7 (Rebassa-Mansergas et al.
2019). Ultimately, the code developments presented ex-
tend the range of stellar and systemic parameters over
which PHOEBE can provide increased model fidelity.
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